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(54) Method and arrangement for prioritised data transmission of padcets 



(57) A method and arrangement for prioritised 
transmission of packets from a plurality of storage 
queues, each interfacing one corresponding input bit- 
stream to one common transmission medium, is dis- 
closed, whereby the respective queue priorities, on the 
t5asis of which access to the common transmission 
medium is determined, are itself dependent upon 

BS1 



respective weigths associated to the corresponding 
input bitstreams. This dependency on these respective 
weights relates to a respective amount of successive 
values of these respective queue priorities, to be 
selected from an arbitrary interval and sorted in a pre- 
determined sequence. 
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Description 

The present ffrvention relates to a method and an 
arrangement for prioritised data transmission of packets 
as is further desaibed in the preamble of claims 1 and s 

Such an anrangement for performing said method is 
already known in the art. e.g. from the published Euro- 
pean patent applicatfon' Data transmission system and 
interface module -and priority generating means io 
included therein, publication number 0584405 A1 \ 
Therein, a data transmission system including a plural- 
ity of interface modules, each interfacing a plurality of 
input bitstreams with a common transmission medium, 
is described, whereby each interface module includes is 
storage means as well as a packet priority determining 
means for determining a packet priority fbr each of the 
received packets. Within one interface module, the 
packet priorities are used in a priority generator for fur- 
ther determining an interface module priority, on the 20 
basis of which access to the transmission medium Is . 
determined by means of processing units included in 
each module and by means of an access bus included 
in the data transmission arrangement. "The combination 
of these processing units and the access bus thus cor- 25 
responds to the access control device as described in 
claim 7. In the spectai case, where a packet priority 
determining means for generating the packet priority, is 
attributed to one single storage queue, and where each 
interface module merely interfaces one input bitstream 30 
with the common transmissfon medium, the prior art 
arrangement corresponds to the arrangement as 
described in the preamble of claim 7 for realising the 
method described in the preamble of claim 1 , Indeed, in 
this special case, the packet priority determining means 35 
and the priority generator of the prior art document 
together con'espond to the queue priority determining 
means, described in the preamble of daim 7, whereby 
both the packet priority and the interface module priority 
correspond to the queue prtority as described in the pre- 40 
amWe of claims 1 and 7. 

The prior art method and arrangement are suited 
fbr determining a packet priority, and in the above men- 
tioned simple configuration, a storage queue or inter- 
face module priority, on the basis of which access to the 4s 
common transmission medium is determined. In the 
prior art anangement, these packet priorities are deter- 
mined in function of the storage time of the packets in 
the storage queues and of at least one pad<et charac- 
terising parameter. Exanples of such a packet charac- so 
terising parameter are referenced in the prior art 
document in column 2. lines 4-9. as being fbr instance 
the packetising defay and/or the type of information con- 
tained in the analogous data packets filling the queue. 
The prior art arrangement however does not provide a 55 
solution for granting access to one of several identical 
storage queues, each receiving simultaneously a simi- 
lar data input stream. This situation is for instance 



present in access multiplexers, where in the upstream 
direction similar bitstreams carrying identical type of 
data packets and pertaining to identical quality of serv- 
ice categories, are competing for getting access on one 
common data bus. The prior art method and arrange- 
ment does not provide any solution for fairly granting 
access to one of these apparently similar bitstreams. 
arriving simultaneously at the different storage queues. 

An object of the present invention is thus to provide 
a method and an arrangement for prioritised transmis- 
sion of packets from a plurality of storage queues, each 
interfacing one corresponding input bitstream to one 
common transmission medium as desaibed in the men- 
tioned prior art document, but which provides a means 
fbr fairly determining access amongst similar input bit- 
streams, whereby this similarity is both related to con- 
tent as well as to connection parameters associated to 
these bitstreams. 

According to the invention, this object is achieved 
by the fact that the queue priorities on the basis of which 
access is determined, are dependent upon a respective 
weight associated to each corresponding bitstream. as 
is further sfated in the characteristic part of claims 1 and 
7. 

In this way. by attributing a weight to apparently 
similar input bitstreams. entering at distinct storage 
queues, and by letting the priorities on the basis of 
which access is determined, to also be dependent upon 
these weights, a method for prioritised weighted access 
allowing to favow or discriminate some of these similar 
bitstreams with respect to the others, is realised. 

An additional characteristic feature of the present 
invention is that the dependence of tiie queue priorities 
upon said weights is realised as is further described in 
claims 2 and 8. 

In this way, by refating an amount of successive 
queue prforities with a weight and by relating the 
access criterion with the sequence said successive pri- 
orities are sorted out a bitstream with a refatively higher 
weight, will have a higher probability for accessing the 
transnnission mecSum titan a bitstream with a relatively 
tower weight, as will be explained more into detail in fur- 
ther paragraphs. 

Another characteristic feature of tfie present inven- 
tion is explained in claims 3 and 9. 

Resetting the respective priorities at predetermined 
instances, results in priority cycles, during which, for 
each respective storage queue, ttie respective amount 
of priorities are compared, as will be explained more 
into defail in furtiier paragraphs. Since the generation of 
each new priority is in fact related to the transmission of 
at least one packet from the associated storage queue, 
as was already known from the prior art arrangement, 
the subject metfiod thus results in transmitting, for each 
storage queue, an amount of packets, directfy related to 
its weight during such a cycle. This means that the thus 
obtained mettiod is not only simple, but guarantees, 
during each cyde. a fair access to ttie transmissiori 
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medium tor each respective storage queue, in relation 
to the respective weight of the corresponding bitstream. 

Yet another characteristic feature of the present 
invention is further desaibed in claims 4 and 10. 

In this way. a very simple relationship between the s 
amount of values to select from said interval and said 
respective weights is obtained, thus resulting in a very 
simple and cheap arrangement. 

Still a further characteristic feature of the present 
invention is described in claims 5 and 11. 

Thereby, the general relationships for any predeter- 
mined value of the minimum and maximum limits of the 
weights and the resolutions of the priorities and the 
weights allow to determine appropriate values tor said 
normalisation factor and for the limits of the intenal. is 

Yet a further characteristic feature of the present 
invention is further described in claims 6 and 1 2 

In this way. by letting the respective successive pri- 
orities associated to the corresponding bitstreams to be 
equidistant numbers spread over the entire width of the so 
interval [Pmin.Pmax], jitter is decreased as much as 
possible Indeed, by smoothly distributing the priority 
values over the available range, a maximum variation 
amongst the different users is obtained. 

The present invention also relates to a queue prior- 2S 
ity determining means, an access criterion and an 
access control device, such as those disclosed in the 

above described new arrangement. The above 
mentioned and other objects and features of the inven- 
tion will become more apparent and the invention itself 30 
will be best understood by referring to the following 
desaiption of an embodiment taken in conjunction with 
the accompanying drawing which depicts an embodi- 
ment of an arrangement according to the invention. 

An arrangement DTA for performing the subject 35 
method is depicted in the figure. This arrangement DTA 
is adapted to receive m input bitstreams. m being an 
integer not lower than 2. The bitstreams are respectively 
denoted BSl to BSm. each respective one having an 
associated weight denoted wl to wm. carried by identi- 4o 
catly named weight input signals, being input signals to 
the arrangement. Data packets of each respective input 
bitstream BSl to BSm are temporarily stored In respec- 
tive storage queues denoted SQl to SQm. before being 
transmitted towards a common transmission medium, 45 
denoted UDATA. Each respective storage queue SQl to 
SQm is furtiier associated to a respective queue priority 
determining means, denoted QPDM1 to QPDMm, 
included in the anangement and adapted to generate a 
respective queue priority, QPR1 to QPRm. These so 
queue priorities are used for determining which one of 
the m storage queues may transmit a data packet to the 
common transmission mecfium UDATA. TNs access 
arisitration is performed by an access control device, 
denoted ACD. of which various embodiments are known ss 
in the art. An embodiment of such an access control 
unit, as shown in the figure and similar to the one of the 
already referenced prior art document, consists of an 



access interface, denoted AAM and being adapted to 
receive from each of tiie queue priority determining 
means QPDM1 to QPDMm tiie corresponding queue 
priorities QPR1 to QPRm. and to determine therefrom, 
in accordance to a predetermined access criterion, a 
winning priority denoted WP. This winning priority WP is 
then sent back towards m processing units, respectively 
denoted PR1 to PRm. included in the access control 
device ACD and associated to a respective storage 
queue SQ1 to SQm. These processing units are 
adapted to receive, besides the winning priority signal 
WP sent by the access interface AAM. also the respec- 
tive priorities PR1 to PRm.from the respective queue 
priority determining means QPDM1 to QPDMm. Fur- 
tiiermore. each respective processing unit is further 
adapted to compare both received input values, and to 
determine therefrom tiie value of a respective control 
signal, denoted G1 to Gm, being indicative of whether 
tiie associated respective storage queue SQl to SQm 
may transmit at least one data packet towards the com- 
mon transmission medium UDATA. However other 
embodiments tor determining the access arbitration 
based on the individual queue priorities exist, as is well 
known by a person skilled in the art. Since detailed real- 
isations of such access control units are beyond tiie 
scope of this document ttiey will not be furtiier 
described. 

The invention concerns tiie method used for deter- 
mining tiie respective queue priority values QPR1 to 
QPRm. in relationship to tiie predetermined access cri- 
terion. The method basically consists of determining, for 
each respective storage queue SQl to SQm. a respec- 
tive amount being a respective positive integer number, 
denoted K1 to Km. and determining ttiis respective 
amount of successive queue priorities as a respective 
set of distinct values selected from a real interval 
(Pmin.PmaxJ. and sorted out in a predetermined 
sequence. The predetermined access criterion is 
tiiereby related to this predetermined sequence 

The interval (Pmin.Pmaxl from which the respective 
queue priorities are selected. Is identical tor all storage 
queues. The lintit values of ttiis interval, Pmin and 
Pmax, are real numbers, with Pmin being lower tiian 
Pmax. These limit values of tiiis interval are identical for 
all respective storage queues, and are in some embod- 
iments determined by the user, during initialisation of 
tiie arrangement. In most embodiments however. Pmin 
and Pmax are design parameters, thereby imposing 
some absolute limits when choosing Pmin and Pmax. 
These absolute limits are generally used, since ttiese 
allow for ttie largest flexibility for the weight values, as 
will become clear from furtiier paragraphs. However 
selecting tiiese limits is not mandatory. In either case, 
once Pmin and Pmax are determined, they are stored 
into a memory included in each queue priority determin- 
ing means QPDM1 to QPDMm. More details about how 
to determine these values will be discussed in a further 
paragraph of tiiis document 
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packet IS to be transmittPd fr/.m 4k 

"O"^ tne assocated stnran» 

rZ. . ^^"^ -^'^ determined for Km sue- 

s«it by means of respective control signal CSl to 

In other variant embodimems havever. a queue orl- 

o2n«ybeassociatedtotf,etransmissionorap^^^^^^^ 

SZJJ Of packets to be 

!r.^ ^"^"^ ""^e queue prioriw is 

selected as the winning priority, the associ^tJJ srioe 

successive packets, .n stead on only one Since this 
SvTme °' « " 

S^nreTa^S'-s.^^'^^^"^"^ 
♦^•u • *^'s IS not really relevant 

!^K^^"« « ^"">"Q priority 

SLSlvS^- 'ff "^'"^ "'"""^ to Km of suc- 
c^vely detemiined queue priority values, is relatX 
the respect«/e weights. w1 to wm as im^^ 
•ariynamedw^gh,^«„i";jes:St^^^^^^^^^ " 

ttTrS^iSr ^ ^ relationship between 
the respective amount Ki and the respective weiaht v^fe 
very simple and consists Of multip?S^S*22r! 
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ecpr^sed by their resolution Rw. still has to result in a 

dS~T; n' T"^ ''"^ '"^"^ ^ 

of aT^o? other hand, in the extreme case 

we.£^. being lower than the predetemiined resolufo^ 
oi me weights, even this bitstream should be able to qS 
acc^s. expressed by the fact that NFwmin >= ? % 

Zn^Z^T. ^^-^ (2) is Obtain^ 

fPma^Pm!!f,'*r''*°"'^'P Width 
wpTnh^I • Pr«letermined limit values of the 

SSce ^ corresponding to the minimum 
detance between two consecutive priority values is 
given by the following formula (3). ' ^ 

NF. wmax<= [(Pmax-Pmin).1/Rpj + i 



Ki = wi . NR 



(1) 



40 



w«gy denoted wmin. This relationsf^p bang lor^^ 



NF>-max{l/Rw. 1/Wmin} 



(2) 



50 



Whereby >. indicates larger than or equal to 
r;;rwS^°'*'«'^«*«--"«*reso.utto„ 

muril? '"""^^ predetermined mini, 
mum limit value wmin for the weights. 

This formula (2) is obtained by considerino that a 
minimum allowed difference in weigS tZs 



(3) 

w^reby <- indicates lower than or equal to 

J^a^ "^'"^ predetermined res- 
olution Rp of the priorities, 

ttetinct values to be selected from the inter,^ 
[Pm,n.Pn«x] has to be lower than the number j S 
ties mailable within Ihe Interval Pmin.Pmax] 
Pmin P ""^^ '^'^ary values for NF 

tn^' LT- '"^ ^^^^ ■ if the pre?; 

iSStTh NF can be determined, for 

•retence by means of a separate device included in the 

predetermined values of wmin and Rw. and to generate 
JerefromavalueofNFfortransmittingthistoa^ 

dtirfiSir'S ^ Predet^min^ 

u« El^ "P- '^"ndary val- 

ues tor the weights may be derived, once a value fi NF 

1^ f « P«^" "^"9 this anST 
ment. 'nme anangement depicted in the flure. ,SX 
de^err^ned limit valuesofPmin.Pmax and Rpa^^'S^ 
wh^ebyauserhasihef^mtoselecfNFinaS 

and Rpare design parameters Stored inamemorytoca- 
tion within or even inherent to each queue pSdS 
"«"9 means, as will become cL 
P^agraph Once the user has made a selection fSTS? 
r, n * f""^^ «^ stored within each q Jeue 

drn^tinrmets"*'^^''^*^^'^"-'''^'^ 

^e principle for selecting the respective amount of 
pnomies is illust«ted in the following SnSeTh^e 3 

wi - 2, W2 = 3 and w3 « 5 are competing for access 
Jie resolution for the .eights R^7i ar^ fs ^ual^ 
the minimum weight limit wmin. The maximum weigS 
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limit wmax is 5. In this example, the limit values of the 
weights are thus known. 

K1, K2 and K3 successive priorities attributed to 
each associated storage queue SQ1 ,SQ2. SQ3 are 
now to be selected from an interval [Pmin.Pmax]. 

The normalisation factor NF has to be larger than or 
equal than 1 according to formula (2). Thus, in principte. 
any value not lower than 1 may be chosen as normali- 
sation factor, either being a real or integer value. The 
choice of a value of NF, will however also determine 
some restrictions for determining the limit values of the 
interval and the resolution of the priorities, as was clear 
from formula (3). In this example NF will be chosen as l . 
This means that respectively 2,3 and 5 distinct values 
are to be selected from an interval, and arranged in a 
predetermined order. In this example a descending 
order is used. 

Formula (3) gives the boundary restrictions for the 
determination of the interval. In fact a lot of different 
choices are possible. In case of a resolution of 1 for the 
priorities, the priorities are integer numbers and Pmax- 
Pmin has to exceed 4. The interval (1.5] can then for 
instance be used as well as the interval [10.15] or even 
the interval [100,1000], since the restrictions only refer 
to the mininujm width. In case of a smaller resolution of 
the priorities, for instance 0.1. even real values within 
the inten/al (0.1]. or even negative real values within the 
interval 

[-4.-3], are possible, although for practical reasons neg- 
ative values are rarely used. 

If the resolution of the priorities is chosen to be 1. 
and if the interval [1.5] is chosen, 2 successive integer 
priorities for successive packets to be transmitted from 
SQ1 may be chosen as 5.4 but nothing excludes to 
choose 2.1 or 4,2. In this example the values 2,1 are 
chosen. 

Similarly, for BS2, 3 successive Integer priority val* 
ues from the interval [1,5] may be 3.2.1 or 5.3.1 or any 
set of 3 distinct integer values . sorted in decreasing 
order, from the interval [1,5]. The set 3,2.1 is chosen. 

For bitstream BS3. there is only one way for select- 
ing 5 distinct integer values , In descending order.from 
the Interval [1.5], namely 5.4.3.2.1. since the interval 
boundaries correspond to the limit value expressed by 
formula (3). 

The access criterion determining access to one of 
the storage queues based on their respective queue pri- 
orities, is related to the chosen sequence for ordering 
the distinct values from the interval, as this sequence 
represents successive respective queue priorities. In 
the example where the values were put in descending 
order, the access criterion basically consists of select- 
ing the highest queue priority amongst ail respective 
queue priorities as the winning priority, whereby the cor- 
responding storage queue is granted the access. The 
winning priority WP is thus the highest amongst the 
respective priorities QPR1 to QPRm. 

In case of two or more storage queues with equal 



maximum priorities, a second selection has to be per- 
formed, this second selection being possibly related to a 
pfiysical position of the storage queues or related slots 
on a board, as Is mentioned in the published European 

5 Patent Application, publication number 0562222A1. 
Since this second selection is however outside the 
scope of this document, further implementation details 
will not be described in this document. 

These sequences of respective queue priorities will 

10 then be further repeated at respective predetermined 
instances, related to the respective weights, as long as 
this respective weight has not changed. In general, 
since the value of these respective weights may vary in 
time, the respective queue priorities are reset at respec- 

15 tive predetermined instances, to one of the values of ttie 
respective sequence, this respective sequence thereby 
corresponding to the actual value of tfie respective 
weight at this particular instance. Indeed, since the 
weight can vary in time, the number of values to be 

20 selected from the interval can vary as well, this resulting 
in a sequence being different from the previous one. 
And. even in case the respective weight has not 
changed, an alternative sequence of successive values 
may t>e chosen within the Interval, at these predeter- 

25 mined instances. In general tiie first value of the new or 
actual sequence is selected for resetting to. but tfiis is 
not always the case. For implementing this principle, 
several alternatives can be used. Two of them will be 
described, although tiiey are not exhaustive. 

30 A first alternative, performed by a first variant 
embodiment of tine arrangement, consists of continu- 
ously repeating the first determined sequence of con- 
secutive queue priorities, as long as the value of the 
respective weight does not change, and as long as the 

35 corresponding storage queue is not empty. Thus for an 
arbitrary storage queue SQi (not shown on the figure), 
successive consecutive groups of Ki queue priaities 
are continuously determined, resulting in the following 
succession of values : QPRil. QPRI2. ... QPRiki. 

40 QPRil. QPRi2 QPRiki. QPRI1, QPRi2 QPRiki 

etc. This means that for each new successive groups of 
Ki packets to be transmitted, the same priorities are 
applied in the same order, without interruption, as long 
as storage queue SQi is filed and as long as wi is not 

45 changed. 

in case of successive queue priorities put in 
descending order, the access criterion related to tiie 
first altemative method in this case not only consists of 
determining the winning priority WP to be the highest 

50 queue priority antongst all respective queue priorities, 
but also not exceeding an aim priority. Once the winning 
priority is determined, the aim priority is changed to the 
value of the tiius obtained winning priority. When it is 
detected by tiie access conf ol device ACD that all 

55 respective queue priorities are higher than ttie aim pri- 
ority, the latter is reset to Pmax. 

The initial value of this aim priority may be set at 
Pmax. but this Is not mandatory. 
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In the previous example, applying this first alterna- 
tive method win resuft in the following queue priorities . 

BS1 :2.1.2.1Z1.2.1.2.1,2.1....etc. 

BS2- 3,2.1 .3.2.1 .3.2.1 ,3.2, 1 .. ..etc. 
BS3: 5.4.3.2.1. 5.4.3.2.1 .5.4,...etc. 

The related access criterion will then result in the follow- 
ing access seqpence : 

first BS3 gets the access t)ecause of its highest pri- 
ority value (5). the aim is determined to be 5 
•next BS3 again wins the access, because of its 
highest priority (4). the aim is changed to 4. 
n^both BS2 and BS3 have the highest priority, .n 
this case a further discrimination has to lake place 
Z a second access criterion as was pre««oudy 
described. This may for instance be b^^ed on the 
position, as was previously described as w^^Sup- 
J^e that for this second access cntenon BS3 ^ 
gets priority over BS2 which gets pnonty over BSl. 

BS3 thus wins. The aim becomes 3. 
. next BS2 is served, the aim is not changed 

next BSl BS2.BS3 all have the winning pnonty (2) . 

BS3 thus gets the access, the aim is changed to 2. 

- next BS2 gets access, aim IS not changed. 

next BSl gets access, aim still not changed. 

- next BS3 is granted access. The aim is changed to 

. BS2 and BSl are then consecutively grart^ 
access, despite the higher priority value of BS3. 
However *i8 value (5) exceeds the aim. 



After BSl has won the last access, the next corrjpebng 
^«riS are 2.3.and 5. aU definitely higher than me l^ 
SSfSaim value of 1. Rom that moment on. me aim 
^ is reset to 5 by the access control device, and 
the same procedure is repeated. «,^hae 
matter of fact, this first alternative method has 
introduced a sequence of priority ^'^^^^'^ 
rated by the resetting of the aim pnonty to Pmax. where 
tfme is determined by the sum ofall respe*« 
Zouri>s. thus also the sum of all respective weigh^ 
Since the values of the weights may vary m 
ince new bitstreams may become actuated or added. 
rdS,n of each Of these cycles may thus vary as 

Rom this example, one can also con^|^^ 

the fi-st priority cycle SQ1 ^^^^^f'^'^j^s 
sent 3 packets and SQ3 has sert 5 packets wh^s 

SUrSrresponding to a distribution of the ban*-dth 
Stance to the weights, during this cycle. Thus a 
weighted access a*"ratton .s*^^ « estab- 
lished during each priority cycle by this "»em«- 

tt is al» observed that during this cyde BS3h^ 
sent 3 consecutive packets, this resulting m arather 



bursty transmission of data. In order to reduce thfe We 
S^K,e priority v^ues are ^^^^^^^ 
values spread over the entire wrth 
^min Pinaxl. For any arbitrary storage queue SQi. Ihs 
KS^y be Obtained by divkling the interval width 

' P-x"3by(.^-1).andattr«x.in^^^^^^ 

Unties to SQi starting from P'T',^"^'^'^. 

PminV<Ki-l) Pmax-2(Pmax-Pmin)/(Ki-1 ) anoena 

frl^a pl.(Pmax-U/(Ki-1).P co^nu- 
n^v reoeating the same sequence as long as tne 
;S onh?w1gMw»do«'^'=»^9e. Another possi- 

Pmax-(Pmax-Pmin /2Ki. ,oLv 
Prtn)iKi Pmln^(Pmax-Pmin)/2K.,Pm.n*(Pmax- 

" "^If me first variant embodiment, adapted for per- 
toming L fi.t .ternative -^^'^^^^^Z 
oueue oriority determining means QPOI^I to QPUivim 
^TZce adapted to determine 'espjjve 
a^KltoKmfromthenormaJ^tonfacto^ 
from me respective weights, input to m^e r^pe^ 
aueue priority determining means. Each fespertve 
Sue prior? determining means further includes a 
r^ic^ l/tee for selecting, or calculating m case of 
^^r«fllues the mus determined respective 

which me limits were stored « a memory ind^ 
each queue priorrty c-etermir^«ns^^ 
nueue Driority determining means further induaes 
« S^Sngoutmeselectedvaluesinmeappro- 
30 means tor somng „„essarv control logic for 

priate sequence, and me ne=^^^.*^,„ obtained 
Sutputting a next priority value fr°"V*^^f^. 
seouence. upon a packet being sent from me assoa 
S l.age'^eue. They further '"c^^ "^^^^ 
35 resetting meir respective queue priorty ta*^^^ 
one of me sequence upon detecting mat a cell was sem 
^He me queue priority was me last one of me 
Tease d equidistant priorities, me queue 
pXStern^ning means may be «n^^^^ 
« rotatlr^g courter. counting down starting J fan,^ 
Pmax wim an deaement of (Pmax-Pm»iV(Ki-1). ana 
'u^dSStingmatapacketwassem^^djmepnc^^^ 
v«s at its minimum value Pmin. starting again. In ths 
Pmax and Pmin are mus inherent design param- 
« S^'^m^countersofmeque^P^xityn^^ 

selves, in -^-^^^SSe a"?evJ^^ 
delennning means further include a a^™; ^-.e- 
ing me respective deaement values of me«^nters. 
from the value of NF and me respective weights 
so ^^"ofthesecondmentionedsequjcetor^ 
,ng equidistant values, me Bmil values d me counted 
;^to be adaptable as well, resulting in more complex 

^rrSis control unit adapted for pertorming mis 
S5 first^arT^fmememodneectetoind^^^^^ 
sary devices adapted to determine 
,0 Lrther adapt it. in accordance wrth me i^evw^ 
JeSed first variant of me memod. S«ce a person 
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skilled in the art is further adapted to realise detailed 
implementations from the above described functional 
description of the access control device and the queue 
priority determining means, further details will not be 
described in this document. It however needs to be 5 
remarked that in all possible implementations, neces- 
sary control logic is to be foreseen for synchronising the 
different signals present in the arrangement Again, this 
kind of circuitry is commonly known to a person skilled 
in the art and will therefore not be further described in ;o 
this document. 

A second alternative, realised by a second variant 
of the emtxxjiment, consists of also continuously 
repeating the first determined sequence, while however 
inserting an auxiliary priority Paux. between two con- is 
secutive sequences. Again, this repetition is only per- 
formed on the condition that the value of the respective 
weights does not change and that the associated stor- 
age queue not gets empty. Thus for an arbitrary storage 
queue SQi (not shown on the figure), basically succes- 20 
sive consecutive groups of Ki 4- 1 queue priorities are 
continuously generated, resulting in the following suc- 
cession of values 

QPRi1.QPRi2 QPRiKi.Paux.QPRi1.QPRi2 

OPRiKi. Paux. etc. 2S 

tn case of successive queue priorities QPRil to 
QPRiKi put in descending order, the access aiterion 
related to the second alternative method merely con- 
sists of selecting the highest queue priority anrangst all 
respective queue priorities, whereby however in case 30 
the winning priority WP is determined to be Paux. all 
storage queues are inhibited from transmitting a packet, 
arxJ each queue priority determining means has to reset 
its respective queue priority to the first one of its respec- 
tive sequence. To this purpose, ail queue priority deter- 35 
mining means are informed upon the fact that 
WP^Paux. by means of a separate control signal (not 
shown on the figure), generated by the access control 
device ACD. 

The auxiliary priority Paux has to lie outside the 40 
interval [Pmin.Pmax] ; in the case of successive priority 
values sorted out in descending order. Paux has to be 
smaller than Pmin. 

In the previous example, applying this secorKl alter- 
native method . whereby Paux is art)itrary chosen to be 4S 
0.5. the following queue priorities result : 

BS1 :2,1.0,5.2.1.0.5.2.1.0.5.etc 

BS2 : 3.2.1,0.5.3.2.1 .0.5.3.2,1.0.5 etc. 

BS3 : 5.4.3.2.1 .0.5.5.4,3.2.1 ,0.5.etc so 

The access criterion related to this second alterna- 
tive method will then result in the following access 
sequence : BS3.BS3.BS3.BS2.BS3.BS2.BS1.BS3. 
BS2.BS1. During the next conparison period, all three ss 
queue priaities will have the value 0.5. which is now 
determined to be the winning priority WP. The access 
control devk:e thereby kihbits aD storage queues from 



transmitting a data packet and generates an extra con- 
trol signal for transmission to all queue priority deter- 
mining means, which then, upon receiving this signal, 
reset themselves for generating the first value of the 
original sequence etc. 

Again, this second alternative method has resulted 
in a sequence of priority cycles, during which succes- 
sive values of the K1 Km priorities are compared. In 

this case, the onset of such a priority cycle is not deter- 
mined by the value of an aim priority, but by the value of 
the winning priority WP. which, upon being equal to 
Paux. triggers the simultaneous resetting of the individ- 
ual storage queue priorities itself. Again, one may notice 
that during this priority cycle. BS3 has transmitted 5 
packets, BS2 has transmitted 3 packets and BSl has 
Uansmitted 2 packets. This principle again results in a 
fa\r distritxition of the fairness, based on the values of 
the weights at that moment. 

The queue priority determining means adapted for 
performing trts second alternative of the method is basi- 
cally similar to the one performing the first alternative 
method, but includes additional means adapted to 
insert the auxiliary priority value after each determined 
set of values within the interval [Pmin.Pmax] . and other 
additional means for resetting itself to the first value of 
the sequertce upon receiving the extra control signal 
from the access control device indicating that the win- 
ning priority is Paux. This access control device of this 
second variant embodiment does not include means for 
determining the aim priority, as was the case for the first 
variant emtxxliment, but includes the necessary cir- 
cuitry for generating control signals to all queue priority 
determining means upon detecting that WP is Paux. 
and means for inhibiting all storage queues from trans- 
mitting a data packets upon detecting the same. 

Other , more sophisticated extensions or deviations 
from this second alternative method, realised by yet 
other variant embodiments, are possible as well. One of 
them provides the possibility that even in the case that 
WPsPaux, one of the staage queues having a queue 
priority being Paux. may transmit a packet, after which 
step all queue priorities are reset to the first value of 
their respective sequences, except for the storage 
queue just having transmitted the packet This particular 
one is then immediately reset to the second one of its 
range. 

In all variants of the second alternative method, the 
duration of a priority cycle is still again determined by 
the sum of the respective amounts of successive priori- 
ties from the interval Pmin.Pmax], which is related to 
the sum of the respective weights at the onset of this pri- 
ority cycle. The exact duration of these cycles is further 
determined by implementation details of the access 
control device, queue priority determining means, and 
the storage queues themselves, which are all synchro- 
nised by synchronisation togic included in the anange- 
ment (not shown on the figure). 

This second alternative method in princ^le also 
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allows to choose at the onset of each new cycle, a dif- 
ferent set of values from the interval, or even to update 
the interval. The same could however be realised with 
the first alternative method, at the start of a new cycle. 
Since these extensions however involves extra complex 
circuitry, and since they do not bring any advantage to 
the invention, these extensions are hardly used. 

As for the first alternative, burstiness is seriously 
reduced by taking equidistant values for the respective 
successive priorities determined within one cycle. The 
same values as previously mentioned for the first alter- 
native may be used. 

For both alternatives, the amount of packets being 
transmitted during one priority cycle from one particular 
storage queue SQi. is thus directly proportional to the 
weight wi of the corresponding bitstream. The ratio 
between the share of bandwidth between 2 individual 
bitstreams BSi and BSj (not shown on the figure), is 
therefore also directly proportional to the ratio between 
their respective weights wi and wj. Fairness is thus 
obtained. In case of more complex embodiments where 
more than one packet is transmitted from a storage 
queue with the winning priority, it is mandatory for guar- 
anteeing fairness that the amount of packets transmit- 
ted from each queue that won the access, is the same, 
when using the subject method. 

The subject method is especially valuable for divid- 
ing the remaining bandwidth, according to a specific 
weight, amongst the active users of the UnspecHied Bit 
Rate, abbreviated by UBR. service category This kind 
of service category is standardised by the ATM forum 
and intended for non-real time applications such as file- 
transfer and electronk: mail and is in fact a best-effort 
service, for which only the residual bandwidth, remain- 
ing after other, well-specified quality of sen/ice catego- 
ries are sen/ed. Nevertheless, it may be the wish of the 
telecom operator to yet control the partition of this avail- 
able bandwidth among the active users of this UBR cat- 
egory, thereby favouring some users with respect to 
others, for instance based on a different tarif ing rate. In 
the latter case, the users prepared to pay more are 
offered a relative larger share of the remaining band- 
width. As a matter of fact these difference in tariffing 
schemes results m a difference in relative weights the 
operator has attributed to these users for these connec- 
tions. 

In general, these weights on the basis of which an 
operator may wish to discriminate amongst several user 
are not necessarily related to the tarifing. but may in 
other situations may as well be related to other charac- 
teristics of the users such as their profile (business, 
domestic etc.) or to their fidelity These reasons how- 
ever are outside the scope of the invention, and win 
therefore not be further cfiscussed. 

It further needs to be remarked that the queue pri- 
ority generating means only output a value of the deter- 
mined sequence for non-empty queues. In case of an 
empty queue, a predetermined empty-queue priority, 



having a predetermined value being lower than Pmin or 
even Paux for the second alternative method, can then 
for instance be used. The necessary circuitry for gener- 
ating this is rather trivial and will therefore not be further 
5 desaibed. All described variants of the method, as well 
as all described embodiments of the arrangement, eas- 
ily allow for new connections or bitstreams. with assoa- 
ated new weights, to be added or activated, while yet 
preserving fairness. Indeed, as long as the weights of 
,0 the newly added or activated bitstream lie within the 
predetermined weight limits (wmin.wmaxj. a corre- 
sponding amount of queue prforities may be determined 
according to formulas (1). (2) and (3). For the second 
alternative, new or newly activated connections will start 
15 with priorities at Paux. for synchronising reasons. 
Whenever a new cycle is started, their priorities will be 
automatically be reset to the first value of the sequence, 
according to the second alternative method. The delay 
that is encountered is only low and can be afforded. 
20 With the first alternative, when a new bitstream 
becomes activated, in order to preserve fairness, trans- 
mitting its determined sequence of priority values has to 
be postponed to the onset of the next prfority cycle, by 
extra circuitry to be added to for instance the queue pn- 
25 ority determining means. 

It further needs to be remarked that, in stead of 
selecting the respective amount of queue priorities from 
the interval [Pmin.Pmax] and putting them in descend- 
ing order, they may as well be put in ascending order. In 
30 the latter case, the access criterion of course has to be 
changed such that the lowest amongst all priorities is 
selected for determining the winning priority. All vanarrts 
of the method, described for the case of descending pn- 
orities. may now as well be applied to the case of 
35 ascending priorities, whereby some slight changes have 
to be introduced, e.g. the aim priority needs to be reset 
to Pmin in the first variant of the method, and In the sec- 
ond variant of the method the auxiliary priority value 
Paux now has to be higher than Pmax. The necessary 
40 changes for adapting the different embodiments to the 
case of ascending priority values are rather trivial and 
will therefore not be further desaibed irto detail. 

While the principles of the invention have been 
described above in connection with specHic apparatus. 
45 it is to be clearly understood that this desaiption is 
made only by way of example and not as a limitation on 
the scope of the invention. 



Claims 



so 



1 . Method for prioritised transmission of packets from 
a plurality of storage queues (SQI- .SQm). each 
interfacing one corresponding input bitstream 

(BS1 BSm) to one common transmissfon 

55 medium (UDATA). said method including a step of 
determining a respective queue priority (QPR1 
....QPRrn) for each respective storage queue 
(SQI SQm), on the basis of which access to said 



p _0 88e403At I > 



15 



EP0 886 403 A1 



16 



common transmission medium (UDATA) is deter- 
mined in accordance to a predetermined access 
criterion. 

characterised in that 

said respective queue priority (QPR1 QPRm) is 5 

dependent upon a respective weight (wl wm), 

being a positive real number and associated to said 
con^esponding input bitstream (BSI BSm). 

2. Method according to claim 1 

characterised in that 
the dependency ot said respective queue priority 

(QPRI QPRm) upon said respective weight 

(wl wm) relates to a respective amount 

(K1 Km), of successive values of said respective is 

queue priorities, said respective amount of succes- 
sive values being a respective set of said respective 
amount of distinct values, selected within an inter- 
val [Pmin.Pmax] and sorted out in a predetermined 
sequence, with Pmtn being a first real number lower 20 
than a second real number Pmax, said predeter- 
mined access criterion thereby being related to said 
predetermined sequence. 

3. Method according to claim 2 2S 

characterised in that 
said respective queue priority is reset, at respective 
predetermined instances related to said respective 
weights, to a respective value at a predetermined 
position of said respective set. 30 

4. Method according to claim 2 

characterised in that 

said respective amount (K1 Km) is determined 

as the integer most approximating the product of 35 
said respective weight (w1...,wm) and a normalisa- 
tion factor (NF). 

5. Method according to claim 4 

characterised in that ^ 
said normalisation factor is determined as a value 
not lower than the maximum t)etween the inverse 
value (1/Rw) of a predetermined resolution (Rw) of 
said weights and the inverse value (1/wmin) of a 
predetermined minimum limit value (wmin) of said 45 
weights, whereby 1 added to the product of the 
width of said inten^l (Pmax-Pmin) and the inverse 
value (1/Rp) of a predetemiined resolution (Rp) of 
said priorities is not lower than the product of a pre- 
determined maximum limit value (wmax) for said so 
respective weights and said normalisation f^ictor 
(NF). 

6. Method according to claim 2 

characterised in ttiat ss 

for said respective amount (K1 Km) being 

larger tiian 1 . said respective amount of distinct val- 
ues are equtdistantiy spaced over the total width of 



said interval [Pmin.Pmax]. 

7. An-angement (DTA) for prioritised data transmission 
of packets from a first plurality of storage queues 
(SQl...,SQm) included in said an-angement. each 
interfacing one corresponding input bitstream 

(BSI BSm) to one common fransmission 

medium (UDATA) coupled to said plurality of stor- 
age queues, said arrangement (DTA) including a 
second plurality of queue priority determining 

means (QPDMi QPDMm) , each respective 

queue priority determining means 

(QPDMI QPDMm) of said second plurality being 

associated to a respective storage queue 

(SQl SQm) of said first plurality and adapted to 

determine a respective queue priority 
(QPRl,..,QPRm). said arrangement (DTA) further 
including an access control device (ACD) adapted 
to receive from said each respective queue priority 

determining means (QPDMI QPDMm) said 

respective queue priority (QPR1 QPRm) and to 

determine therefrom, in accordance to a predeter- 
mined access criterion, which storage queue of 
said first plurality gets access to said common 
transmission medium (UDATA). 

characterised in that 
said each respective queue priority determining 

means (QPDMI QPDMm) is further adapted to 

determine said respective queue priority 

(QPRI QPRm) from a respective weight 

(wl wm), being a positive real number and asso- 
ciated to said corresponding input bitstream 
(BSI BSm). 

8. Arrangement according to daim 7 

characterised in that 
said each respective queue priority determining 

means (QPDMI QPDMm) is further adapted to 

determine a respective amount (K1 Km) of suc- 
cessive values of said respective queue priorities 
as a respective set of said respective amount of dis- 
tinct values, selected within an inten/al 
(PmiaPmaxl, and sorted out in a predetermined 

sequence, said respective amount (K1 Km) 

tfiereby being dependent upon said respective 

weight (w1 wm) associated to said con-espond- 

ing input bitstream (BSI BSm). and Pmin being a 

first real number smaller than Pmax being a second 
real number, whereby said predetermined access 
criterion is related to said predetermined sequence. 

9. Anrangement according to daim 8 

characterised in that 
said each respective queue priority determining 
means (QPDMI ....QPDMm) is furtfier adapted to 
reset said respective queue priority at respective 
predetermined instances related to said respective 
. weights, to a respective value at a predetermined 
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position, of said respective set. 

10. Arrangement according to claim 8 

characterised in that 
said each respective queue priority determining s 
means (QPDM1,...,QPDMm) is further adapted to 

determine said respective amount (K1 Km) as 

the integer most approximating the product of said 

respective weight (w1 wm) and a normalisation 

factor (NF). 10 

11. Arrangement according to daim 10 

characterised in that 
said arrangement further includes a device adapted 
to determine said normalisation factor (NF) as a is 
value not tower than the maximum between the 
inverse value (1/Rw) of a predetermined resolution 
(Rw) of said weights and the inverse value (1 /wmin) 
of a predetermined minimum limit value (wmin) of 
said weights, said anangement further including a 20 
second device adapted to determine said first real 
number Pmin and said second real number Pmax 
so that 1 added to the product of the width of said 
interval (Pmax-Pmin) and the inverse value (1/Rp) 
of a predetermined resolution (Rp) of said priorities 25 
is not lower than the product of a predetermined 
maximum limit value (wmax) for said respective 
weights, and said normalisation factor (NF) . 

12. Arrangement according to daim 8 30 

characterised in that 

said each respective queue priority deter- 
mining means (QPDM1 QPDMm) is further 

adapted to determine said respective amount of 
successive values of said respective queue priori- 35 
ties as equidistantly spaced real values over the 
total width of said interval (Pmin.Pmax]. in case 
said respective amount Is larger than 1 . 

40 
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